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In this note we present atomic Hartree-Fock data and some overlap integrals of the substitutional metal ions with neighbouring ions of the crystal environment in KC1. We then discuss corrections due to relativistic effects. Finally the data are used to estimate the sign and magnitude of the radial displacements of the nearest-neighbours (nn) of the defect centers.
2.
Results of the Hartree-Fock calculations. -The STO basis, being similar to that used by Synek et al. [3] for Nd 3+ , may be characterized as an extended double zeta basis set yielding the accuracy of the near HF limit. The basis set comprises 30 STOs for the cases of Tl + and TI + + . The program handles the full nonlocal exchange interaction. Further details on the numerical calculations and the accuracy of the results will be given elsewhere. Figure 1 presents the probability amplitude of the Tl + 6s orbital in the (x, y, 6) plane in a vertical section through the nucleus. It shows the five radial nodes of a 6s function and the rapid oscillations near the nucleus.
In Table I , the mean orbital radii < r > for the outer shell of the ionic ground states are given, and the overlap integrals between the substitutional metal ions and a n. n. chlorine ion in KC1 are listed.
The following figures show the radial part of the Figure 2 compares the 5s and 4d orbitals of In+ (dashed lines) with the outer 3s and 3p shells of K+ representing the situation in the perfect lattice. It is seen that the In+ ion is considerably larger than K+, forming much larger overlap integrals (cf. Table I ), though as the In' overlap does not depend so strongly on the interatomic distance. Figure 3 shows the 6s, 5d and 4f orbitals of TI' (full lines) and TI++ (dashed lines). The HF radial extensions of the T1 ions are nearly the same as those of the In ions, their mean radii differing but by 3 %.
The reduction of the occupation number of the outer s shell from two to one in going from T1+ 6s2 to TI++ 6s' reduces its mean radius < r > by only 7 % and has a quite small effect on the shape of the 5d shell. The 6s mean overlap integrals differ by 17 per cent.
In Figure 4 the outer orbitals of several excited states of In' are collected. The 5p state lying only 5 eV above the ground state is somewhat more extended than the In0 not shown here are even more extended, their mean radii being 20 per cent larger than those of the corresponding states of Inf.
3. Relativistic corrections. - The relativistic effects due to the high electron velocities in the inner s,,, and p,,, shells (jj coupling) of large Z atoms cause a spatial tightening and an increase of the binding of these orbitals. This effect is transfered via the orthogonality constraints of the radial parts of the orbitals to the outer sl/, and p,,, electrons, whereas in a compensating reaction the p3/,, d, and f shell electrons loosen slightly and extend radially [4, 51. The relativistic corrections for several atomic observable~ of the HF ground states of all neutral atoms are given in [5] ; from these data and from a comparison between the calculated H F ionization energies and the optical ionization potentials the corrections for the ions may be found.
Relativistic corrections for the orbital energy E, the mean radius < r > , and the mean nearest-neighbour overlap S ( M~+ I C1-) in KCl, in per cent of the Har-
tree-Fock values
Per cent A& Table I1 shows the relativistic corrections obtained for the orbital eigenvalue E, the mean orbital radius < r >, and an average of the overlap integrals with the nn C1-ion in KC1. The corrections for the overlap integrals are calculated from those for < r > using the relation between the change in < r > and the change in the interatomic overlap found by comparing the data for the monovalent and divalent ions given in Table I .
It is seen that the corrections for Tl(Z = 81) are almost three times larger than those for In (2 = 49) and seven times larger than those for Ga (2 = 31). In the non-relativistic approximation, In and T1 are almost identical in all their properties, cf. table I. The relativistic effects yield a much stronger additional binding for the T16s shell than for the In 5s shell ; they turn T1 into a monovalent metal forming CsCltype ionic solids, while In stays trivalent like Ga and A1 and forms preferentially covalent bonds. The T1 ions eventually have a smaller size than the In ions, the ionic radius and the mean nn overlap of TIf being smaller by 6 and 15 per cent, respectively, than those of In+.
The equilibrium configuration of
In and T1 centres in KCI. -The equilibrium displacements in the lattice about a substitutional isovalent metal ion centre may be obtained to a first approximation by contrasting the short range forces of the substituted cation of the perfect lattice (Kf) with those of the substituent cation (In+ or TI+). In the framework of the Lowdin. Approximation [6, 71 of the HF scheme for ionic solids, the short range interaction is roughly proportional to the square of the interatomic overlap, and the forces in addition depend on the steepness of its variation with the interatomic distance. From our overlap data and from an estimate of the Van der Waals strengths being considerably larger for In+ and especially for TI+ than for K+ representing the perfect lattice, we obtain the nn displacements of substitutional centres given in table 111. The displacements being related to the perfect lattice positions are all positive, indicating a radial outward shift both for the ground states and for the excited states of the centres. The vibronic interaction with the lattice has not yet been taken into account on this stage of approximation. The relaxation of the excited states nslnpl consists of an additional outward movement of the two a neighbours and an inward relaxation of the four .n neighbours, leading to a strong tetragonal distortion of the lattice. Due to the stronger relativistic effects for T1 causing a radial contraction of the s,/, and pi/, orbitals, the displacements associated with the TI centres are smaller than those of the In centres.
Equilibrium displacements of the nearest neighbours of substitutional
Further details on the derivation of the lattice distortions will be given elsewhere. A more thorough treatment of the short range forces and the inclusion of other interactions not yet considered, such as the polarization energy originating from the fields of deformation dipoles, will probably not alter the relative sizes and the sign of the reported displacements.
Note added in proof. -A detailed account of the subject of this note is given by the same authors in Semiconductors and Insulators 1 (1977).
